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DETAILED ACTION 



Acknowledgement of Amendment 

1 . The amendment to the instant appHcation was entered on 8 August 2006. 



Double Patenting 

2, Claims 16-20 are rejected on the ground of nonstatutory obviousness-type double 
patenting as being unpatentable over claims 2 and 9 of U.S. Patent No. 7,1 15,013. Although the 



conflicting claims are not identical, they are not patentably distinct from each other because: 



Appl. No. 10/811,442 


U.S. 7.115,013 62 


Claim 16. A method of making a CNT 
based field emission device, including the 
steps of: 

1 . Providing a working plate with a planar 
surface. 

2. Depositing a catalyst layer on the 
working plate. 

3. Growing CNTs from the catalyst layer, 
where the CNTs extend from the catalyst 
with flat roots. 

4. Applying a cathode electrode to the 
tips of the CNTs, 

5. Seperating the CNTs from the catalyst 
layer and exposing the flat roots, wherein 
the flat roots are configured to act as the 
electron emission ends of the CNT based 
emission device, providing gates beside the 
flat roots. 


Claim 2. A method of making a CNT based 
field emission device, including the steps of 

1 . Providing a working plate with a planar 
surface (the Insulative layer with a flatness 
less than 1 micron). 

2. Depositing a catalyst layer on the 
working plate. 

3. Growing CNTs from the catalyts with 
flat roots (flatness less than 1 micron). 

4. Applying a cathode electrode to the 
tips of the CNTs. 

5. Seperating the CNTs from the catalyst 
layer and exposing the flat roots (catalyst 
must be removed for CNTs to act as 
electron emitters) to act as electon 
emission ends of the CNT based emission 
device, providing gates next to the flat 
roots. 


Claim 17. A method as in claim 16, further 
limited in that the gate electrode is 
supported by a barrier which is seated 
upon the cathode electrode. 


Claim 2. A method of making a CNT based 
field emission device, wherein the gate 
is supported on the barrier which is 
supported on the cathode electrode. 


Claim 18. A method as in claim 17, further 
limited in that the barrier has a common 
height with the CNTs measured from the 
cathode electrode. 


Claim 9. A method of making a CNT based 
field emission device, wherein the barrier 
has a common height with the CNTs 
measured from the cathode electrode. 
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Claim 19. A method as in claim 16, further 

the barrier for applying the cathode to the 
tops after growth of the CNTs. 


Claim 2. A method of making a CNT based 

llclU dlilooiUli UoVILrC, Wilcit^lli lllc UaliiUUC 

is seated upon the barrier for applying the 
cathode to the tips after growth of the 
CNTs. 


Claim 20. A method as in claim 16, further 
limited by the planar surface of the working 
plate having a flatness of less than one 
micron. 


Claim 2. A method of making a CNT based 
field emission device, wherein the flatness 

of the working plate has a flatness of less 

than one micron. 



Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 



4. Claims 1,4, 7-9, 11, 14 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Han et al. (U.S. 6,515,415 Bl) in view of Dai et al. (U.S. 6,232,706 Bl). 

5. As to claim 1, Han et al. disclose a carbon nanotube-based field emission device 
comprising: a cathode electrode (see Fig. 3, item 120; column 3, lines 54-57); and a carbon 
nanotube array of nanotube members, the carbon nanotube array of the nanotube members 
extending from a root end to a growth end, the carbon nanotube array being aligned 
perpendicularly from the cathode electrode (see Fig. 3, items 121; column 3, lines 54-57) and 
having a growth end embedded in the cathode electrode and an opposite root end (the end of the 
carbon nanotubes attached to the cathode is interpreted by the examiner as the growth end, and 
the end of the carbon nanotube that is not attached to the cathode as the root end); wherein the 
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growth end of the carbon nanotube array is in electrical contact with the cathode electrode (see 
Fig. 3, items 120 and 121; because the cathode and the carbon nanotubes are physically touching 
one another, and the highly conductive nature of nanotubes, they are in electrical contact with 
one another), and the root end defines a substantially planar surface (see Fig. 3, the root end of 
the carbon nanotubes are planar in the horizontal direction). Han et al. fail to disclose that the 
root end has a flatness of less than one micron across the nanotube array. 

In the same field of endeavor, Dai et al, disclose a field emission device with a variation 
flatness of the planar surface less than 1 micron (column 3, lines 19-32; colunm 4, lines 11-15; 
here it says that the nanotubes can have a flat surface, which the examiner interprets to mean 
completely flat and therefore a variation less than 1 micron). Having uniformly flat nanotubes 
allows for desirable emission of electrons. 

Therefore, it would have been obvious to one having ordinary skill in the art, at the time 
the invention was made, to modify the field emission device of Han et al. to include nanotubes 
with a variation in flatness of the planar surface is less than 1 micron, as taught by Dai et al., for 
the desirable emission of electrons. 

6. As to claim 9, Han et al. disclose a carbon nanotube-based field emission device 
comprising: a carbon nanotube array which grows from a root end and extends to a growth end 
(see Fig. 3, items 121; colunm 3, lines 54-57; the end of the carbon nanotubes attached to the 
cathode is interpreted by the examiner as the growth end, and the end of the carbon nanotube that 
is not attached to the cathode as the root end); and a cathode electrode formed on and covering 
the growth end of the carbon nanotube array (see Fig. 3, item 120; column 3, lines 54-57); 
wherein the root end defines a substantially planar surface which is exposed outwardly and acts 
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as an emitter (column 4, lines 53-57), and the growth end is substantially embedded into the 
cathode electrode (see Fig. 3, items 120 and 121; because the cathode and the carbon nanotubes 
are physically touching one another, and the highly conductive nature of nanotubes, they are in 
electrical contact with one another). Han et al. fail to disclose that the root end has a flatness of 
less than one micron across the nanotube array. 

In the same field of endeavor, Dai et al. disclose a field emission device with a variation 
flatness of the planar surface less than 1 micron (column 3, lines 19-32; column 4, lines 1 1-15; 
here it says that the nanotubes can have a flat surface, which the examiner interprets to mean 
completely flat and therefore a variation less than 1 micron). Having uniformly flat nanotubes 
allows for desirable emission of electrons. 

Therefore, it would have been obvious to one having ordinary skill in the art, at the time 
the invention was made, to modify the field emission device of Han et al. to include nanotubes 
with a variation in flatness of the planar surface is less than 1 micron, as taught by Dai et al., for 
the desirable emission of electrons. 

7. As to claims 4 and 1 1, Han et al. and Dai et al disclose the field emission device as 
described in claims 1 and 9. Han et al. further disclose that the carbon nanotube array comprises 
a plurality of carbon nanotubes, each of which has an open tip (carbon nanotubes by definition 
are hollow carbon structures). 

8. As to claim 7, Han et al. and Dai et al. disclose the field emission device as described in 
claim 1. Han et al. further disclose an insulative barrier having a height just exceeding the planar 
surface of the root end (see Fig. 3, item 130; column 1, lines 22-23) is formed adjacent the 
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carbon nanotube array and at least a gate electrode is formed on the barrier such that the gate 
electrode is separated from the cathode electrode (see Fig. 3, item 140; colunm 3, lines 58-59). 

9. As to claim 8, Han et al. and Dai et al. disclose the field emission device as described in 
claim 7. Han et al. further disclose that the root end of the carbon nanotube array almost reaches 
the interface between the barrier and the gate electrode (see Fig. 3, items 121 and 130; since 
almost is a not any definite amount, the examiner interprets the height of the carbon nanotubes in 
the figure to be about the same height as the insulating barrier ribs). 

10. As to claim 14, Han et al. and Dai et al. disclose the field emission device as described in 
claim 9. Han et al. fiirther disclose at least a gate electrode is formed adjacent the carbon 
nanotube array at a height above the planar surface of the root end (see Fig. 3, item 140; column 
3, lines 58-59). 

11. As to claim 15, Han et al. and Dai et al. disclose the field emission device as described in 
claim 14. Han et al. fiirther disclose the gate electrode is supported by an insulative barrier 
formed adjacent the carbon nanotube array (see Fig. 3, item 130; column 1, lines 22-23), such 
that the gate electrode is separated from the cathode electrode (see Fig. 3, items 121 and 140). 

12. Claims 3, 5, 6, 12 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Han et al. (U.S. 6,515,415 Bl) in view of Dai et al. (U.S. 6,232,706 Bl) and in fiirther view of 
Nakamoto (U.S. 6,097,138). 

13. As to claim 3, Han et al. and Dai et al. disclose the field emission device as described in 
claim 1 . Han et al. and Dai et al. fail to specifically disclose that the cathode electrode is made 
of copper. 



Application/Control Number: 10/811 ,442 Page 7 

Art Unit: 2879 

In the same field of endeavor, Nakamoto discloses a field emission display, which has a 
cathode electrode, made of copper (column 4, lines 60-62). Copper makes ideal cathodes due to 
its conductive properties. 

Therefore, it would have been obvious to one having ordinary skill in the art, at the time 
the invention was made, to modify the field emission device of Han et al. to include a copper 
cathode, as taught by Nakamoto, to take advantage of copper's ideal conductive properties, 
14. As to claims 5, 6, 12, and 13, Han et al. and Dai et al. disclose the field emission device 
as described in claims 1 and 9. Han et al. and Dai et al. fail to specifically disclose that the 
height of the carbon nanotube array is in the range from 5 microns to 10 mm, more specifically 
between 10 to 500 microns. 

In the same field of endeavor, Nakamoto discloses a field emission display with carbon 
nanotube emitters wherein the height of the carbon nanotube array is in the range from 5 microns 
to 10 mm, and more specifically between 10-500 microns (Abstract; given the aspect ratio is the 
height/diameter, one can calculate the height of the nanotubes, which falls within the given 
range). It is advantageous to have the nanotubes a certain height, with respect to their diameter, 
as to adjust the voltage applied to the nanotubes to have them emit electrons. 

Therefore, it would have been obvious to one having ordinary skill in the art, at the time 
the invention was made, to modify the field emission device of Han et al. to include that the 
height of the carbon nanotube array is in the range from 5 microns to 10 mm, more specifically 
between 10 and 500 microns, as taught by Nakamoto, to be able to use the height of the 
nanotubes as a way to emit electrons at a desired voltage. 
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Response to Arguments 

15. In light of the amendment of claim 16, a new double patenting rejection of claims 16-20 
has been given. 

16. Regarding the applicant's argument that the screen-printing method of Han et al. does not 
allow for a "growth end" or "root end", the examiner respectfully disagrees. The device of Han 
has carbon nanotubes, with an end attached to the cathode, which the examiner has interpreted as 
the growth end. The free end of the carbon nanotubes, from which electrons are emitted, the 
examiner has interpreted as the root end. 

1 7. Regarding the applicant's argument that the carbon nanotubes are not embedded in the 
cathode, the examiner respectfully disagrees. Having the CNTs attached to the cathode is a form 
of embedding. 

18. Regarding the applicant's argument that the carbon nanotubes do not have a flatness of 
less than one micron, the examiner respectfully disagrees. Dai et al. specifically states that the 
emission end of the CNT bundles can have a flat surface (column 3, lines 24-26), the examiner 
has interpreted flat to mean a flatness of less than one micron. 

Contact Information 

1 9. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Anthony J. Caiming whose telephone number is (571)-272-2486. 
The examiner can normally be reached on M-F 8:00-4:30. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nimesh D. Patel can be reached on (571)-272-2457. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Anthony Canning 
26 October 2006 
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